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‘1’lIc Nat ional  Aeronaut ics  and Space  A(llllillistlatio~l  has
traditionally left thctask ofspccifying design and test critcriato
each of the. several NASA ~cntcrs. l;acccl with the wide variety of
rcsu]ting  crjtcrja used for rcsolvjng, similar or identical pmblcms,
the NASA Officcof Oicf l;l]gil~ccril~itiatc(l aprogrwn  todcvclop
consistent NASA-wide standards if the varjous NASA Gntcrs
could agtcc 10 a SCI of comnmn  rcquircmcnts.  ~onsidcring the very
wi(ie varjcty  of appmachcs  uscci throughout  NASA an(i the
acmpacc  in(iustry for coping  with pyrotechnic shock problems, the
cicvclopmcIIt  of a NASA I’yrosbock Stan(iar(i is a formidable task.
‘]’his paper attacilcs the sccon(i (irafl of tile Subject SIanciar(i,  all(i is
basc(i on the, comments  rcccivcci  from NASA rcvicwcrs  an(i
pymshock practitioners to the first draft sent to approxim.atcly  60
personnel. ‘1’i~is  (iraft has bc.cn  sent to the NASA linginccrillg
Stan(iards  Steering ~huncii for their review an(i COIICLII’ICIICC,  prim
to its submi(tal  to the NASA J ing,inccring Management Gmncii  for
tilcir appmvai  an(i cvcntuai  (distribution.

1.0 INTI{OI)IICTION

]’y!’OIC.CblliC  s h o c k  or pylosboc.k  iS ibc ll”allSiCllt  l“cspmsc Of Stl’LICtLll”al  C] Cll)ClltS,  COlllpOllCllK,
asscmb]ie.s,  subsystems an(i/or systems to loaciing in(iucc(i by the ignition of pyrotechnic
(cxp]osivc-  or propellant-aclivatc[i) cicviccs  incorporatc(i  into or attacbcci to lhc structurco 170r
acrospacc applications, pyrotccbnic  (icviccs  arc gcncral]y usc(i  to scpmatc  structural subsystems
(e.g., pay]oacis from launch vcbiclcs),  cicploy appcnciages  (e.g., solar panels), an(i/or activate on-
boar(i operational subsystems (e.g., propellant valves) [ I -3]. III certain cases, tbc pyrotechnic
loa(iing may bc accompanic.(i  by the reicasc of s(orcci energy (iuc to structumi prc]oa(i, or by
impact bctwccn  structural  clcmcnts  as a result of tile cxp]osivc  or propc]lnnt  activation.

CIlrrcnt spacecraft (ic.sign  often utili7cs  numerous pyrotechnic cicviccs over tbc coLIIsc  of a
mission. MaIIy fright hmiwarc. faiiurcs ilavc. been attribute.(i to pyroshock cxposLII”c,  some
resulting, jn catastrophic mission loss [4,5]. Specific cxamp]cs of pyroshock Pdilurcs inc]u[ic
cracks an(i fracture in crystals, ceramics, epoxies, glass cnvclopcs,  sol(icr joints aII(i wire lca(is,
seal faiiurc, migration of contaminating partic]cs, relay an(i switch cbattcr an~i transfer, all(i



dcfomaticm  of very small lightweight structural clcmcnts,  sLIch as microclcctmnics  [6]. On the
othc.r hand, deformation or failure of major structural clcmcnts arc ram except  in those regions
C1OSC to Ihc source wbcrc structural failure is intended.

l’yroshock  is oflcn charactcrizcc[  by its high peak accclcmticm  (300-300,000 g), high frequency
coIItcI]t  (100 IJz,-1 Ml I?,) and short duration  (less than 20 mscc), which is largely dcpcnclcnt  cm
lhc source type and size or slrcngth, intervening structural path cbaractcristics  (including
slruclura]  type and col)figilralioll,  %joil)ts,  ” ~,islcncrs and other CIiscol]titlllitics)  and dis[ancc  from
the source to the response point  of’ interest. Bccausc of the high frequency content, many
hardware clcmcnts  ancl small components arc susceptible to pymshock  failure while resistant to a
variety of lower frequency environments, inclu(iing  ranclom vibration. ]Iigh frcqucncics  also
make analytical mc.thods and computation] pmccdurc.s  inapplicable for systcm verification
under pymshock  loading. ‘1’bus, pymshock  verification is almost always accomplished
cxpcrimc.ntally  [7-9] and pymshock  testing isconsidcrcd  cssc.ntial  (0 mission success.

l’yrotcchnic  dcviccs  may bcdividcd  into twogcncral  catcgorics:  poin( sources and lincsourccs
[23]. ‘lj’pical point  sources include explosive bolts, separation nuts, pin pullers and pusbcrs, bolt
and cable cutters, and certain combinations of pc~int  sources and pym-activatc,d  operational
hardware (e.g., pymvalvcs). ‘1’ypical  ]inc sources include flexible line.ar shaped charges (1’1 SCS),
mild dcionating  fuses (M IJ1;S), explosive transfer ]incs, and cc.rlain  collll~lcrcial  ly-avail:~l~lc
products intended to fully contain  cxp]osivc  and structural debris during ancl after separation
(e.g., Super-Zip’l’M, Sure-Scp’j’M). l’oint and line sources may also bc combined: V-band
(Maroon) clamps usc point  explosive sources which may then allow the rapid rclcasc of stored
slrain cncr~y  from a structural prc.load  acting along a line of contact bctwccn two structures
bci n.g, separated.
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3.0 IUtQIJl RIWJ ltNrJ’S

3.] . ] ] ]ardwarc ltcms and ‘1’cst }’urjmscs
‘1’here arc foul categories of hardware items for which pymshock tests should  bc pcrfmmcd,
wllcn appropriate, as follows:
1. A qualification (QL~al)  or prototype test is performed on a hardware itcm that will not bc

flown, hut is manufactLlrcd  using the same drawing, materials, tooling,  pmccsscs,
inspcctim  methods, and pcrsmncl  competency as used for the flight hardware. ‘1’hc purpose
of a QLlal  test is to verify the design integrity  of the flight hardware with a specific margin.



2. A fl igh! acccplancc (17A) test is pcrfomcd on a flighl  hmiwam  i[cm, including spare(s),
where the hardware design in(cgrity has already been verified by a <)Llal lest. ‘1’hc purpose
of :i 1 ~A tcsl is to dc.tcct workmanship cmm and matcriti] defects that may have occL]Ircd
during product iol].

‘3. . A pm[ofiigbt  (1’1~) test is pcrfomcd  on flight hardware when there is no qualification
hardware itcm avai]ablc, ‘J’hc pLlrposc of a 1’1~ test is the same as that for a Qual test, c.xccpt
(hat a P] ~ Imt also satisfic.s  the purpose of a IJA [cst.

4. A dcvclopmcnt  test may bc pcrformc.d on a hardware installation to asccr(ain cnvimnmcntal
conditions, or oil a hardware itcn] to dcicminc  its susccp[ibili[y  to an cnvimnmcn[, or 10
verify the adequacy of an analytical model, afl(i/m to cv:il Llatc the effects of various
environmental reduction measures, usually early in a program.

3.1,2. 1.cvcls of Asscmb]y
Onc or more of the above tests may bc pcrfomcd  on a har(iwarc sys[c.m an(i/or  asscmb]y.  ‘1’CSR
pcrfomc.(i on pay]oa(is,  spacccraf[  an(i large subsystems arc commonly rcfcrrcci to as systcn)-
lcvcl tests, whereas Ihc)sc pcrfomlc~i  m electronic cc]uipment,  mechanical cicviccs, components
an(i ma] i subsystems arc common] y rcfcrrcci  to as assembly-lcvc] tc.sts.

3.1.3 ~lassificaticm  of Pyroshock  1 invirmmcnts
l’yrosilock  environments can [m tmmiiy  ciivi(ieci  illlo tilrcc calcgoric.s: near-fic](i, mi(i-ficl(i,  an(i
Pw-ficl(i. l:or mos[ acrospacc installations, the ciistinction bctwcct~  (hcsc [hrcc categories is the
mt~gnitu(ic  anti spcctrttl  contcnl  of the cnvironnlcnt,  which (icpcn[is on tile type ami strcnglh  of
ti]c pymshock  (icvicc, the source/ har(iwarc  ciistancc,  anti the configLlrational  cictails of the
intervening slrLIctLIrc,  which usually has a strong influcncc on the bar(iware cicsign an(i/or
scicc[ion. 111 broa(i tcms, these catcgcwics  may bc (icscribcci  as foliows:
1. Near-fic](i is the region sLlfficicntly close to a pyrotechnic source where the stILIc(Llr2ii

response is (iominatc(i  by (iircct wave propagation from the source. 1 ‘or very intense
soL]rccs,  such as most lillc sources, the IIcar-fic](i usually inc]u(ics  strLlcl Llral locations
within 15 cm (6 in. ) of lhc SOHICC  (unless thcIc arc intervening structural (iiscolltitl~litics,
such as joints), oftc.n musing peak ac.cc.ic.rat  ions in C. XCC.SS of 5000 g an(i subst anti al spcct rtil
conlct)t  above 100 k] ly,. l;or ICSS intense sources, sLIch as most point smrccs,  the near-fic](i
usual]  y inclu[ies locations witi]in 3 cm ( 1 in. ) of the source. 111 a goo(i  acmspacc  system
(icsign,  there shoulci bc m pyrosilock-sensitive harciware  in the near-fiel(i, so that no nca] -
ficl(i  testing wili be rcquirc(i.

2, Mid-f  icl(i  is the region at a (iisiancc  from the pyrotc.chnic  source where the stmc[ura.i
response is cause.(i by a combination of wave propagation an(i struc[ura] resonances. 1 ~m
very intense sources, tbc mi(i-ficlci  usLlaliy  inclu(ics stnlctLlrai  locations be.twccn 15 cm and
60 cm (2 fl) of ti]c source. (LIt]lc.ss  there arc intervening structural (iiscontinuitics)j  of[cn
causing, peak accc.lcra[ions bctwc.c]]  1000” aIIci 5000” g an(i substantial] spectral content above
10 kllz l~m less intense sources, the. mi(i-ficl(i may cxtcn(i bctwccn  3 cm an(i 15 cm of the
Soul’cc.

3. 1 ‘ar-ficlci  is the region outsi(ic  the mi(i-ficl(i where lhc slrLlclural  response is (iominatc~i  by
structural rcsonanccs,  with peak accelerations below 1000 g an(i most of the spectral
content below 1() kl lY,.

NO’J’IC: Rcfc.rcnccs 7, 8, 10-12 combine ti]c near- an(i mi(i-ficl(is  into onc category, which is
(icsigmltc(i  as tile near-fic](i.

3.1.4 ‘1’cst Ar[ic]c  Opcra[ion
‘1’ilc tcsl ariiclc.  may or may not be cic.clricaily  powcrc.(i  ami operational (iuring the pyroshock
event. lior assembly-lcvc] (csting,  power is somclimcs app]ic(i,  even when the har(iwarc is
ul)powcrc(i (iuring the flight c.vc.nt,  10 (ictcct intcrmitlcnt faiiurcs. l;or systcm-lcvc.i  power-on



tcsling,  lhc opcraticma] mode. applicable [0 the flight pyro cvml is oftcm monitmcd.

3.2 1 iNVlt<ONMliNrl’Al  . ANI)‘1’1iSrl’1’ARAM 1 iel’liRS

3.2.1 1 {nvjronmental  1 lcscripl  ions
Although pymshock may bc charactcriz,cd as a transicn(  force., strain or velocity [ 13- 16], ii is
almost always dcscribcd  in tcms of an accc.lcration time history and its derived spcclrum:
1. ‘1’hc time history or waveform is usually dcscribcd  in tcms of its abso]utc  peak value and

its duration. Bccausc vibration  anci/or clcctricat mist smnctimcs  occur  simultancmsly  with
the pymshock, lhc 10% (iuration, clcfincd  as IIN time bctwcc.n  the instant of shock arrival
al the mcmurcmcnt  point  an(i the. instant that the. wavcfmn has dccaycd 10 1 0°% of the
abso]ll(c  peak Valllc, is sometimes substituted for the total duration [ 10]. Temporal
moments may also bc. used to charactcri~c  the. wavcfmm, including the duration  [ 17]. A
typical accclcratim  time history is shown in l;igurc  I [ 1 ()].

2. Onc m more of the following spectra may bc. usc.d (o characte.rim  the frequency content of
a transient: limricr, “energy”, or shock response (SRS) [ 1 8]. The SRS is the cmc most
commonly used for pyrostmck  cnvironmc)lt  and Icst description. jf the hardware dominant
modal pmpcr(ic.s  (illcludillg  damping values) arc known,  then the acceleration tim history
atld/or  the S1<S may bc. used to compute the hardware rcs]mnsc. 1 lowc.vcr,  in nearly all
cases, these rcsollant  parameters arc unknown or inadequate.]y cstima[c(i, especially at the
high frcqucncics normally associa~cd with pyroshock, so natLlral  frcqucncics  am usually
assLImcci  to correspond to I/6 octave hand ccnlcr frcq Llcncics  ovc.r  fhc frequency range of
inlcrcsl, and a constant quali(y factor is sc]cctcd as Q= 10, corresponding to a fraction of
cri[ica] (iamping of <=0.05  I 10, ] 9]. 1 n adclj(ion, there arc scvcra] different categoric.s of
S1<S  magnitu(lc,  i n c l u d i n g  p o s i t i v e ,  nc.g,ativc,  p r i m a r y , residual,  and maximax  SRS
[ 1 8,20,21]. ‘J’hc Iat(cr SRS cnvclopcs the previous four and is the one. most common]y
uscxi for pymshock testing. A typical maximax  SRS is shown in l:igum 2 [ 1 ()]. “1’hc S1{S
accc]cration  is a]so ca]]cd the maximum or peak abso]lltc response. accc]clalion.
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3.2.2 Maxilnum  1 ;xpcctcd  IJligllt 1 invimnmcnl
All ~~ylc~tccllllic.test conditions should  bcbascd  upon the maximum cxpcctccl  flight orscrvicc
cnvironmen[  (M IH~Ii),  which may bc cstima[cd  from (a) a transient analysis, (b) an cnvclopc of
measured flight or ground  test data, or (c) statistical analysis oftbc.sc  mc.asurcd  data. ‘1’hc.  last
altcmativc is gcncral]y  prcfcrrcd wbcn there. arc Ibrec or more ]llcas[]rcl]lc]lts. When statistical
analysis is Se<lcctcd,  it is common  to u[ilizc 1’95/50  statistics of SR,S data, i.e., w 95% upper
tolcrancc limit wi[b 50% confidcncc, assLlming  tbc S1<S database is log-normally distributed
[22]. IIowcvcr,  otbcr statistical parameters may bc usc(i [23]. l’yroshock cnvimnmcnta]
prediction at](i Mljl~li  (lctcl”jl~ill:~  tioIl,  which arc critic~~l to tbc. selection of tc.st criteria, arc.
dcscribcd  in Appcndiccs  A :itl(lll,lcsl>cctivcly,

3.2,3 ‘1’cst h4algitlsa  ll(iNlll~lbclOf  Aj>l>lic:ltiolls
Since a Qual test is not performed on flighl hardware, it is possib]c  that a QLIal  tcs( artic]c would
pass and tbc flight bardwarc  fail the same test conditions bccausc of bardwarc  strength
vi(li:tl>ility.’  l’1~Lls,f orzissclll131y-lc\  ~cl Qual{csting, alllagllilll(lclllargi~l  iscollllllollly a(l(lcdtotllc
MlllJl;t(~:icc(JLI]lt foltllisvatial~ilit~~.  I;LII(I]c]I1lc)Ic, a f;itigllc  oltilllc-(lcj>cll(  lcl~t  margin  isoftcn
added. in tbcsc cases, a uniform 3 dll margin is normally ad(ic.d to tbc. M}i}~J~  across the
spectrum, and multi plcslmck  :il>j>licatic)lls  zircttsc(i  foipyroshock  Qaal testing. Wbcn performed,
assembly-lcvc] l;A testing is commonly conducted at MIiI~l;  conditions with one, shock



application pm axis. Assembly-]cvcl 1’1; testing is gc.ncralty pcrfomcci  at QLlal magnitucic  wiih
onc appl icalion pm axis.

Systcm-lcvet  testing is usuaiiy pcrfomc,(i on fiigi~t  i]aj’ciwarc  by firing the. fiigbt  pyrotechnic
cicviccs,  nomaliy after assembly-lc.vcJ tcs(ing has been complctc(i,  l~or systcm-lcvc]  Quai an(i P];
testing, multip]c  firings  arc usualiy  appiic[i to account for firing-to-firing variability, wbcrcas for
systcm-lcvc] lJA tc.sting, oniy onc fi~irlg i s  nol’mai]y Llsc(i, The  ICst J> LllJ>OSC  is to i(icntify
workmansilip  c.rrors an(i/or malcrial (icfccts without contributing a si~nificant amount of
a(i(iitiona]  (iamagc 10 the harciwat.c  prior to flight.

?).3 ‘l’liSrJ’ MI;’1’1101X3 AN]) SI’1lC;li~J[:A’1  ’JC)NS

3.3.1 l’ymshock  ‘1’CSI Rationaic
‘]’hC  dCCi SiOll  tO J~Cl”fOl’111  01’ Olllit  JlylOS]lOCk  tCS[ill~  ShOLl](i  bC baSC(i 0]1 ( 1 )  tilC  kllC)Wll  l“ll~~CCillCSS
or roimslncss  of ti}c har(iwam, (2) the relative severity of ti]c pymshock cllvimlmcnt  comparc(i
( o  10WCI’  fl’cclLlcncy  (iyIlallliC CllVil”OlllllClltS,  sllch a s  ran(iom v i b r a t i o n ,  all(i  (~) t h e  range of
(iominant ilar(iwal”c  r e s o n a n c e s  rc]ativc  to t h e  anliciJ~atc(i  sJlcctral  c o n t e n t  of b o t h  Jowcr
fl’C(JUCJICy  :lllCi J)yl’OShOCk  CllVil’OlllllClltS. ];O1’  CXalllJ>]C,  tilC C1’OSS-OVCl’  fl’C(JLIC1lCy  bctwc.cn lal]ciolm
vibration  an(i pymshock scvcritics  may bc. as low as (a) 100 11~ for near-ficl[i pyroshmk,  (b) 500
11~ for mi(i-ficl(i  pymshmk,  an(i (c) 1 k] 17, for fa-fic](i  pymshock [4]. Smal 1 components arc
mom likely to bc susccptib]c to pymsilock failure in all ti~rcc categories [6], unless they arc.
pmtcctc.(i  fmn tile high frcclLlcncy  cnvimnmcnt, c.g,, by msilicn(  moLlnts  or clc.mcnts, /fll?cre is
a srl”ious qucstim {IIIOUI Ihc lmt-dware .vl!.v(’[~l~til~ilit)’  to pytvshod, [hcIt  pymvhock  tcsti~lg  SIIOMIA
1)(’ ]M’l:foi”llld. A pymsJ]ock (icvclopmcnl  tcs( car] y in the fligilt pmg]’am shoul(i .bc. LlscfLll in
(ictcmining  haixiwam  susccptibiiity,  an(i avoi(iing  liw programmatic  coI~scq LIc.nccs  of PailLwc
(iui”ing  Qaal, l;A, 01’ l’1~ testing later in ti]c pmgmm.

3.3.2 “l’cst Mc(hocis  anti l~aciiitics
Assembly-icvcl pyroshock testing, may bc achicvc(i by Llsing onc of the following types of
sources: (a) a pyrotechnic (icvicc [ 1 -3], (b) at] impact (icvicc  comprising, the impact of one
strLlct L1l’ai mcmbc.1  (e. g., a ilammc.r) upon allotilcr  (e. g., a beam, plalc,  sbc]], or combinations
tilcmof) [3, 7, 8, 24], or (c) a vibration cxcitc.r  or silakcr progtammc(i  to gcncratc. si]m’[ (iuration
tmsicnt  motion  13, 24, 25]. As (icscribc{i  in Section 1.(), the.rc arc two categories of pyrotechnic
(icviccs:  poinl sources an(i ]inc sources. II) aciciition,  there are a va]icty of custom or
c.c)ll~l~]crciaiiy  -:ivailal~lc  impact (icviccs [7-9], A major a(ivantagc  of mosf of the impact (icviccs  is
their low operational cost an(i prc.(iiclab]c  bctl:ivior, which is impmlant  in pJanning  tbcir
Lltiiimtion,  bLlt tbcy have a somewhat limi(mi spectral capability. l;lcctro(iynamic  an(i
clcc(]olly(il:l~llic  shakcts have tile a(ivantage  of gcncmi  avai iabi]it y, low opcrationa]  cost an(i
knowI] controllability, bLlt they have ]imitcci magailadc, spcc(ra] ancl ditcctional  capability [26],
an(i have mechanical impc(icnce  which is significantly higher than that of most ac.mspacc
stmcturcs, which of[cm caLlscs  (iynamic  ovcrlcst of bar(iwarc [27].

A typical assembly-tcvc] pyrmhock  test of an ir)(iivi(iuat  tc.s( artic]c may uti]izc any one, of ti]c
above  thl”cc SOL1l’CC  tyJICS,  ~3ius  all  illtCl”VCllill~  s[rLICt L1l’C Wili  Ch LISLla]]y  CiOCS llOt rcscmb]c thC f[i~ht
strLlcl  Llrc. ‘J’i]LIs, tile simu]atc(i  shock cnvilonmcnt a[ the tcs( ar(iclc may in!cntionaiiy  bc mactc
]11o]’c o]’ ]CSS scvcm than flight by Llsing a st mngc] or weaker si~ock  soL[rcc  (of the varict y
avaiiab]c),  i>y Llsing a lesser or greater (iistancc  bctwccn ti}c source an(i the test artic]c, an(i/or by
cllangin,g  the. proi>cllics  an(i/oI  con figLlration of tile intc.rvcning  s(mctLlrc (e. g., matcrials$
thickncsscs,  anti the inclusion, a(i(ii[ion m elimination of joints), all of which can have. a
significal~t effect on the magnit  Ll(ic, (iuration, wavcfom) anCi/ol spcct]a] conic.nt of tbc tmnsicnt
ob(ainc(i  at the Stl”llCIL1l’C-[CSt  ar[iclc intcrfacc  an(i 011 the. alliclc  l’CS]>O1l SC. 111 CaSCS WhC1’C  thcl’c  is



insufficicmt ciata on the dynamic cllarac(cristics  of tile cxmbincci soumc atl(i  jntcnmning  stmcturc,
it may bc ne.ccssary to pcrfcwm  [ievciopmcnl  testing of the Icst configaralion to asccr(ain that ti-ic
(icsircxi  test environment can bc acilicvmi prim to test mliclc instailaticm.

‘J’ypjcai  syslcm-lcvc]  pymshock  tests utilim Iilc fligilt  pyrotechnic (icvicc an(i fligilt or fiigi]l-like
St! ’llCllll’C.  between tbc SOLIICC  an(i ti~c tcs( arlic]c(s). As a ccmscqucncc, (iLlplicaticm  of [bc flight
shock  cnvimnmcnt  can bc rcasonab]y achicvmi,  bu( a  t e s t  magnjtu(ic  margin js gc.ncrally
unachicvab]c.  1 lowcvcr, multip]c shocks may bc app]ic(i  to accoun[  for firing-to-fi]jng  variations.
in cases wllcrc multip]c  pyIw (icviccs  arc used (iuring fiigh(, it is common practice. to pcrfmm
mui(iplc  firjngs  of only the pym dcvjccs  gene.rating tbc wofst-case shock cnvjronmcn[.  “1’hc otim”
pym (icvjccs  arc usuaily fitc(i onccto  verify that tilcy cio not gcmlatc  tbc most scvcrc shock
conditions  for any potcnliaiiy  sLlsccptib]c  hmiwal’c.

3.3.3 ‘J’cs( Rcquircmcnls

3.3.3.1 (Icncral Rcquircmcnls
l’yrosbock test requirements vary wjdcly  and atc grcat]y influenced by tile magnitucic  an(i
spcc(m] contcn[ of tile pymshock cnvimnmcnt, which in turn is higiliy (ic.i>cn(icnt  on ti~c (iis(ancc
from tbc soutcc 10 tile hardware, as wcli as the characlctjstics of Ii]c intcrvcnillg  S(ILICILIE  ‘Jlus,
pymshmk  [CS( rcquimmcnts wili bc pmvi(ic(i as a fLlnc[ion  of source/(cst article (iis[ancc.,  namc]y
mar-,  mi(i-  and far-field as ciassificxi  ja Section 3.1.3 an(i spccific(i  ja Sccticms 3.3.3.2-3.3.3.4.

l’ymshock tests should  bc analy~mi  an(i contro]lc(i,  if fcasib]c, using a SRS OVC]”  a natLlml
frequency range from a low to a high fmqucncfy iimit,  unless lbc mcasurcci  spcctml conlcnt
shows a somcwba(  rcslrictcci range js a(icrluatc.  “1’he rcs[rictc(i range may bc. usc(i  jf tbc SRS fmm
an alnbic.nt vi bmtion cnvimnmcnt  m cic.cttical  IIoisc floor ccluals m cxccccis  tbc m e a s u r e d
pymshock  S1<S (usually occuring nc.ar ti]c low frequency limit) anci/or the abso]utc peak
acceleration of tbc wavcfom equals or approximates tbc mcasumd  pymshock SRS, callc(i  tbc
Ycl’o pC.l’i O(i msponsc accclcl’ation (LlsLlaily  Occul’ing  near the iligh frequency ]imio. As (iiscussc(i
in Section 3.2.1, a constant cjua]ily  facim of Q= 1 () is nomaily  utilizc(i.  Multjp]c shocks am
rccommcn(ic(i to account  for firing-to-firing  variations, as (iiscussc(i in Sccticm  3.2.3.

3,3.3.2 Neat-l~jclci “J’csts
As  (ijscLlssc(i  in Scctjon  3.1.3, no pymsimck-se.nsitivc  i~arciwam shou](i bc locatcci wjthin  tile
neat-ficl~i. 1 lowcvcr,  if this rccoll~lllct~(iatioll  cannot  bc. foliowexi, near-fic](i testing sbou]d  ix
]cquirc(i, Bc.cause of tile big]] accclcmtions  an(i higil  spectral con[cn[  foumi in the neat-fic](i, lilt
lest scmrcc ami intervening stnlctLlrc  is ncally  always lcstrictcci  to tile actual flight J)ymtcchnic
(icvicc(s) an(i fligilt m fligbl-ljkc  configurations,  rcspcctivc]y.  II] tilcsc cases, ti~c pymslmck test
rc{l~~ilcl]~c.l]ts  slmul(i accumtcly  rcprcscnl the flight ctl}’il”olllllcllt,. 1 lc]c, lest margins arc often
ncgligib]c  01 minimal un]css special measures arc taken to ji]clcase tiw.m, e.g., by mmiifying  the
stnlctural configuration, an(ilor by rc(iucing (I]c soLII’cc.-to-ll: tI.(iw2irc” {iistancc, 0]. un(icr certain
citcumstanccs  by inc]casil}g  tbc pyrotechnic charge. Usc of these spccia] measures usua]iy
rcquim a (icvclopmcnt  test program.  in o[ilcr cases, suci] as bigil  in[cnsjty  assembly-lcvc] tests, a.
simpic  jntcrvclling  stmcturc which is not flight-like (e.g., a beam, plate, or shell)  may bc usc.(i
bet wcca tile pyrotechnic cicvicc  an(i the test at[icic. [3, 7, 8, 24].

licw near-fic](i pymshock tcsls, the iimits of the S1<S natural  frequency iangc  simLll(i  cxtcn(i  fmm
1 ()() 117, o] ICSS to 1 MIIz, or more, unless tim mc.asumi  spcc.{rai  content shows a mmc lcstrictc(i
l’allgc is a(icqLlatc, as (icscl’ibc(i  jn Section ~.~.~, ]. Scl’iolls illsttLllllcllttitioll  pmblcms arc usually
cncoLlntcmci in the mxw-ficki, whici~ arc {iiscussc.(i in Scclion  3.3.4.



II} a fcw spccjfic cases, a big]) intensity impact dcvicc  may bc sLlbstitLltc.d  for a pyrotechnic
dcvicc  (0 acbievc  tbc desired peak acceleration ~f it can bc dcmonstratmi  that tbc spc.ctral  content
is comparab]c  at bigb frcclucncies,  e.g., above 100 kllz [6]. ‘1’hc cnvimnmcntal  comparison
SbOll](l  bC ]) C1’fOHTIC(i  ill a]] tillCC Ol”[bO~OIM]  ( i i i ’ C C t i O l ) S  at  thC  Stl’LICtlll’C/tCSt alliC]C.  illtC1’f:lCC(S).

‘J’his sLlbstitution  may be tcquirc.d to satisfy safety ccmccrns or fac.iiity lcgai restrictions regarding
tile usc of cxp]osivcs.  (lhcrwisc, off-site testing si)ou](i  be consi(icrc(i.

3.3.3.3 Mi(i-l?icl(i  I’csts
A variety of impact cicviccs  as WC]] as cxp]osivc  dcviccs  may bc usc(i as a test source, as well as
a variety of intervening strLlc(urcs for tbc transmission I>alil from scmrcc  to test arliclc,  to acbicvc.
ti~c mi(i-field test con(iitiol]s  classific(i  in Section 3.1.3. lk)r mi(i-ficl(i  pyroshock testing, tbc
limits of the. S1<S natural frc.qucncy raagc should cxtcmi  from 1001 Iz, or lCSS  to 100 kl ly, or mm:,
unlc.ss tbc measured spectral content si]ows tbal a more restricted range is a(icquatc,  as dcscribc(i
in Sc.ctim 3.3.3.1. A vibration siutkcr may bc abic to acbicvc.  a shock magnitu(ic  that rcachcs  into
the lower portion of tbc mi(i-ficl(i region, but wou](i  probably bc. unab]c to acbicve  tbc (icsircd
mid- fic](i  spectral content, since most clcctic)(iyll:tll~ic  shakers arc unable to provi(ic  sufficicrlt
cxcitalim  above 5 kl 1?.

h4any impact cicviccs ant] all vibration  shakers, togctbcr with their intc.rvcning  structures, arc
capab]c  of gcmcrating  cmtrollcd  transicat cxcitatim  in a sing]c axis. in tbcsc cases, testing witi
ncarl y aiw:iys ncccl  to be rcpcatc.(i  in tbc otbcr two orthogonal axc.s. I lowcvcr, it sbou]d bc notcci
that tbc usc of vibralion  sbakcrs  an(i some impact {icviccs  have been critici~c(i  for ,vii)z1/lc~/ze[>~~,~ly
causing umicr- and over-testing: ul~(icrtcsting  due to uniaxial  c.xcittitioll  compared to the triaxial
scrvicc. cnvimnmcnt;  ovcr(csti[lg  (iuc to a massive shaker table. an(i fixture cmnpare(i  to tbc
scrvicc installation, ]IILIS accc]cromctcr control in the case of a si~akcr, without considering the
lower structural impc(iancc  found  in most instillations. Time issues h:tvc been previously
cicscribed for ]owcr frequency sine, transient and random testing [25-27].

3.3.3.4. l~:ir-l~icl(i  ‘1’csts
Al i of tbc soLlrcc  t ypcs catcgorizc~i in Section 3.3,2 plus marl y all types of’ illlc.rvcmillg  strLlcturc
sboa]d bc Llsab]c  for far-fic]d testing. ‘1’hc limits of tbc S1-?S  tlatLlral  frcqLlcncy range slIoLll(l
cx(cnci  from i 001 lz or less to 10 kl 17 or nmrc., unless the mcasurc(i spectral content shows that ii
more rcstrictc(i  range is a(icqLlatc.  Sing]c axis shock soLlrccs all(i  tilcir intervening strLlct Llrc
nearly always rcqLlirc  rcpcatcxi  tcsling  in tbc otbcr two axes.

3.3.4 IMta Acquisition
l’yroshock tests al”c ncar]y always itlstrumc.ntc(i for tbc. pLlrimsc of environmental cvaluaticnl
all(i/or lc.sI control. Pyroshmk  mcasLIIc.mcnts  al”c nm’ma]] y made Witil accc]cromctcrs  [icspitc
some potentially scrioLls (ic.fieicncics.  Oftcn in the near-fic.]ci anti scmc.times in tbc. mid-f icl(i,
improperly sclcctcci  accclcromctcrs  break, bmi bottom, or s:itura{e  Llnder pyroshock ]oadinp,
an(i/or incorrectly-set signal c.on{iitioncrs  may sat Llratc if accclcromctcr  resonances arc
sLlfficicntly  cxcitcd  [ 1 ()- 12]. If great care is not cxcrciscd,  tbc.sc  noniinc:ir  responses can make [hc
rc.sulling (iata invaii(i over  l b c  mli?’e spcclrLIm.  II I  Imst c a s e s ,  accc]cromctcrs  sbou]ri be sc]cctcci
for tbc anticipatcci  pyrosbock cnvironmc.l)t  as wc.11 as ottlcr con(iitions,  witil a iligbcr  natural
frequency aJl(i a lesser sensitivity Llsual]y rccplirc(i  in the near- an(i mi(i-fic]ds [ 10-1 2,28]. It bas
been rccolnmcn(icd  that tbc data acqLlisition  systcm bc sc]cctcd or a(ijustc(i so ttlat tbc maximLlm
anlicipatmi  instantaneous signal  from the acccicromctcr  is only 1 W“ of the systcm ]incal
ma~nitu(ie  capability, tllLls  provi(iing  a “head room” of 20 (ii; [29]. In tbc near field, it is
l“CCol)llllCll( iC(i tb:it tbC aCCdCJ”OlllCtCI’S,  :111(]  tilCil”  lllOLllltiJl~  b] C)CkS WtlCIl  USUi,  bC att:lCbC(i  tO tbC
s(ructure.  with botb bolts and spc.cial  adbc.sivc,  [ i 0,29]. lnplanc measurements Llsually rcqLlirc
lmL]ntillg  blocks and often the special installation of accclcromctcr  pairs to allow for tbc



separation of itlplanc  and rotational responses. lJnlcss cam is c.xc.rciscd  in their selection,
[iccclclc)]]lctc].s  located m flcxib]c structure. s may crronecmsly  gcncratc  clcdrical  si~na]s  causc(i

by base bcmding  [28].

Accclcrt~l~lctcrI~r  ol~lcl~lscal  ~solllcti]llcsbc~  \\'oi(ic(lt~y  ~lsillgvcl  cJcityl>i  ckl)l~sc)l,  in laboratmy
ground tests, by using laser IX3pplcr vibromctcrs instead of :iccclclolllctcls, although tbcse
instruments also bavc some po(cntially  serious dcficimcics  [14-16]. Strain gages have also been
promoted as replacements for accclcromclcrs, since strain transducers have no rcsonauccsbut
simply  respond dynamically wi(h the strLlc[L~rcto which they arc attached [1,13]. lJnfor[L]natcly,
most acmspacc strLlctLlrcs  arcbigbly  non-uniform with ]algc.  numbers  of spatially-varying stress
c[)l~cct]tl:i[iolls,  llndc.r these circumstances, even small changes in gage location could  cause.
Iargc changes in measured strain data. It] addition, at high frcqucncics and shor[ wavc]cng[hs
normally associa(cd  with pyroshock,  mcasure(i strain can also chmgc  substan(ial]y  by a simple
change in ga,gc grid size [28].

(hlccvalid  clcclical  sigl)als:ilca c(lLlilc(i,(l:lt:lal  lalysisistllctl  required to]llovi(lctllc(lcsilc(l
kiccclcration time. histories and SRSS spccificd  in Scciion  3.2.1.

3.3.5 l>ata Analysis
Grc must bc takcm to cnsLlrc [hat dala acquisition errors, such as an inpcrccptiblc  zcm shift in an
accclc.ration  time. history, do no! cause subst:intial  errors in resulting ,S1<, Ss during  subsquc. nt
data analysis. ‘J’hc ]’owcrs-l’icrsol proccdurc is rccc>llllllcll(lc(l  for determining the validity of
pymshoc.k  data, using simp]c steps as the single aIId/or doub]c integration of the accclcralion
time. his{ory  and the. comparison d positive and negative SRSs, as shown in }:igure 2.1 ivctl the
S1<S c(~llll>Llt:llioll:il  algorithm miy  cause an appreciable effect on the resulting spc.ctrLIm  [30-3 1 ].
‘1’bc Smallwood  algorithm has been rccommcndcd  to rcduccd algoritlllll-itl(lllcccl  variability [32],

3.3.6 “1’cst 03nm] Tolerances
l’ymshock tests that utilize pymtcchnic.  dc.vices have no spcc.ific tolcranm  control. Multiple
sl~ocks arc of[c.n app]icd  [0 accoLlnt  for firing-to-firing variations, as suggcslc.d in Section 3.2.3.
I;or impact dc.vices, control tolerances am often a function of the specific dcvicc and its
maintenance. When shakers arc LIscd for pyroshock  simulatiol~, various to]cranccs  have
historically been uti]izcd. ‘1’hc tolerances nmsl commonly used in currcn[ acmspacc practice arc
spccificd for the maximax SRS [ 1 9]:

N.atllIal  1 ilcqucl)cy ~’olcrang~

f,, < 3 kllz j 6 (11]
f,, > 3 k]lz +9/-6 (111

At ]cas( 50% of the SRS magni(u(ics  shall cxcc.cd the nominal  tcsl spccifica{ion.

3.3,7 “1’cst ‘J’ailoring
Sufficient f]cxibility  is provided in this Standard to satisfy the need for test tailoring in mm{
cases. l;or cxamp]c, utilization of a pyrotechnic dcvicc plus flight  or flight-like illtcrvclling,
sIrLlct L~rc, ins(c.ad of a shaker and some simple fixtLlring and intervening structure, in a mid- m
far-field tc.st S11OU1CI  provide the correct driving-point impcdancc  and thcrcforc the appropriate
transient force a[ the structarc/tcs[  ar[iclc intcrfacc(s),  which would accomplish the same goal as
force limiting in a random  vibration test [27].
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‘1’bcrc  arc tilrcc gcncrai ways to prc(iic[  or cslimatc Iilc response a[ various locations on a
s[rLtcl Llrc ill(iucc(i by a pyrotechnic (icvicc,  as fo]lows: (a) analytical mmic]s, (b) (iircct
IIlcilsllrc.lllcllts,  an(i (c)cxtr:t~lol:it iollsfrol]l  prc.vicms  measure.mcnts.

A.1 ANAl,Yrl’1~Al,  h401>l;I.S

Various analytical mmicls ilavcbcca  {icvclopc(i  ovcrtim  years tilat  arc (icsignc(ilo  predict, at
]cast crL](icly,  tbc response of acmspacc  strLlc[urcs  10 the lransicn(  Ioa(is  prociuccci  by ccr(ain
tyjlcsof  13ylotccl]tlic(  icviccs.  llyciloco(icsi  l:lvclccclltlyt>  cetlllsc  citolllo  dcl,illt llctill )c[iolllaitl,
the (ic.taiis  of tllccxj>losivco  r~)lol~cliallt  ignition an(i l>tlltlillgl>roccss, aa(i nonlinear strLIc[LIral
cicformation ami separation using IJagrangian :ill(i/c)l”l;Lllcli:itl  meshes, as well as lhc generation
ami propagation of stnlctural  waves, ali of which arc. ncccssary  for pyrosbock  prctiiction  [33-35].
Llllfolllltliltcly,  the illll>lcl~lc}lt:itioil  ofhy(iroco(ie  analysis usually  ne.ccssitatcs high Jabor an(i
COINJM1[C1’  COSIS.

Somc(imcs  by(iroco[ic  mmic]s arc couplc(i wi(h finite clement mcthmi  (JUiM) or statistical
cl]crgy anai ysis (Sl ;A) mmicls to transfc.r  the j)yroshock  energy into tbc mi(i- an(i far-ficl(is.
1 lowcvcr, most 10 iM nmicis  arc rcslrictc(i (o frcqucllcy  ranges that arc too low to bc uscfLll for
pyroshock  response pl”cciiclions,  or so sJ>atially  ]illli[Cd  that oniy Silllp]C Slrllctllrai  COIlflglll’atiC)  llS

caIl bc accLIIatcly  mo(iclc(i.  (In (IIC oti]cr  han(i, SliA w a s  (icvclopc(i  {o prc(iict  mi(i frcqumcy
~~il>r{~:{c.c~tls(ic.  rcspcmsc.,  mo(icling  tbc stmcturc  in tcms of mmial groups using spa t ia l  an(i
spectra] averaging. These mmicls  ilavc been cxtcn(ic(i  (0 prc(iict high frccjLlcncy pyrosbock
response. [36-45]. Thus, SliA is bctlcr sui[c(i for higil frequency pyrosimck  prcdicticm,  sine.c.
structural mo(ial (icnsity  (i.e., ti]c number of stlLlctLlral  mmies pcr unit ban(iwidtb)  ncc(ic(i for
spcclrai averaging is roughly proportional to frcclucncy. ]n Pact, the spmity m abscncc of low
frc.qucncy mocics  limits S1 iA applications to mi(i an(i high frcqucncics  cml y. 13ccaLlsc  S1 iA uses
spatiai  an(i spectra] averaging, it cannot bc usc(i to prc(iict pymsbock  response at specific
iocations  or frcqucncics.

At this time,, there is very limitcci  c.xpcricnc.c  to assess m rccommcn(i  tbc usc of such mmicls.
IIowevcr,  if an a n a l y t i c a l  mmicl is availab]c or i~as l>CCH formuia[c(i  an(i chcckc(i  agains{
pyroshock mcasurcmcn~s  in the laboratory on si)ccific strLIc[LIIcs  witil  pyrotechnic ,  (icviccs  of
itltcrcst, an(i has bccm fcmnci to]>lo(i~lccr  c.as(~ll:tl~iy  accLllatcIcsLllts, then that nmicl  can bcuscd
to make pre.lim-inary pymsi]ock  prc(iictions. IIowcvcr, all such prc(iictions  shou](ibcvcrific(i
an(i Ltp(iatc(i  as soon as actual pymsilock  ciata bccomc avail ab]c.



in many cases, direct mcasurcmcnts  can bc Inadc of the. responses at critical locations on the
spacecraft structure induced by pyrotechnic dcviccs,  either ill flight or in the laboratory. in ci[hcr
case, the mcasLIrcmcI}ts  sho~lld  bc acqLlircd and analy~,cd in accordanm with the rccommcndcci
prac[ims de.lailcd in [ 1 ()-1 2].

A.2.1 Mc:istllclllc~ltso  ~ltllcV  c}~iclcit]}; ligl~t
lior SOIIIC S}>acccraft,  11101’C  than OllC  asscmb]y  fil”c lll:lllllf:lctlll’c(i  bccausc t h e  S:IIIIC  slmcccraf(

design will bc used for more than onc flight. in this case, mc.asurcmcnts may bc made cm the
first flight of that cicsign to establish the response of the stmcturc at critical locations dLlc  to all

flight  pyrotechnic events. The advantage of this approach is that it provides the most accurate
pyroshock prcdic[ions for later flights of that design. ‘lllc primary disa(ivantagcs arc (a) the
proccdum app]ics only to updating prc(iictions  after the first flight ancl, hcncc,  cat~not  bc used to
c.stablish initial test rcquircmcnts for the spacecraft or its components, ancl  (b) flight  pymshock
lllc:tsLltc.lllc.llts  arc cxpcnsivc  to acquire.

l’yro dcvims arc usually dc.signed or sclcctcd  to gcncratc more than enough smrcc energy to
cause strac~ural  separation. ‘1’hc cxccss energy normally causes a shock or blast wave ill the
atmosphere or vacuum a(ijaccnt to the strL1cl Llrc, with the wave magtlitudc  incrc.asing with cxccss
energy and static prcssulc. 1 Iowc.vcr, for smith amounts  of cxcc.ss mcrgy,  the separation process
[Isually controls the pyroshock  cnvironmcn[.

A.2.2 Mcasurcmcnts m the Vchiclc in lhc 1.aboratory  l’rior to ldight
(~cr(ain type.s of pyrolcc.hnic  dcviccs can bc activalcd  and rcp]:iccd wi[hout  doing permanent
d a m a g e  t o  t h e  s p a c e . c r a f (  o r  i t s  Stl’llCtlllC, e . g . ,  o r ( i l l a n c c - a c t i v a t e d  v a l v e s , la this case,
mcasurcmcnts  may bc made, on the vchiclc  ill the. laboratory prior to flight [o cstab]ish the
response of the stnlct Llrc at critical locations duc 10 the activation of Ihcsc dcviccs. ‘1’hc
a(ivanlagc  of this approach is that it can provide a reasonably accumtc  pyroslmck  prcdicticm  for
that specific spacecraft during flight. ‘J’hc primary (iisadvantagcs  arc (a) the proccdurc allows the
determination of the pyroshock cnvironmcn( duc only to a limited number of pyrotechnic
dcviccs,  and (b) it may bc cxpcnsivc  (0 rcp]acc the activatc(i  pyrotc.chnic  (icvicc.s an(i rc.con(iition
tbc spacccraf( for flight.

If the pyro dcvicc  gcncratcs  enough cnc.rgy to cause an cxccssivc  atmospheric shock wave during
the laboratory test compared to flight conditions and if this wave is not (iivcr[cd away from the
Stt’llC(Lll”C,  thc]l al)  o v e r - p r e d i c t i o n  of the fl ight pymshock  cnvitonmcnt  lllay  lCSLl]t.

A.2.3 Mcasurcmcnts on a l’rototypc  Vchic]c in the 1.aboratory
Some spacccmf[  programs invo]vc the manufactarc of a prototype of the spacecraft dc.sign that is
USC(1 for various laboratory [csts, including shock and vibration tests, prior to the. launch  of a
flight asscmb]y.  Hccausc  the activation of pyrotechnic devices sometimes altc.r  [bc spaccc.raft
st rLlct urc, pymshock  mcasurcmcnts  on protot  ypcs a~c usual  I y ma(ic after all other tests arc
Conlplctc. ‘1’bc advant~tgcs  of a pmtotypc  lest arc. (a) it can pmvidc. a rcasmably accurate
pyroshock prediction prior [0 the flight of all spacecraft of that design, (b) the prediction is
achicvcd  without jcopardiz$ing  the strut.tuml integrity of the flight artic.lc.,  (c) no reconditioning of
flight hardware is mquircd,  and (d) the opcrabitity  of pymshcmk dcviccs  and structural separation
can bc demonstrated following c.llvirc)lllllc.lltal  exposure. ‘1’hc primary disadvanta.gc  is that the
pr(~gram  must provide for the m:itlufactarc  of a prototype vchic]c  that wil 1 bc availab]c fm
pyroshock testing. “I”hc. problcm of ail cxcc.ssivc  atmospheric shock wave is the same as that
discussed in Section A.2.2.



A.2.4 Mc.asurcmcnts cm a l)yIIamically  Similar  Strudurc  in the laboratory
If a spacccratl  program dcms not involve the manufacture of a prolotypc, it may still allow lhc
construction of a dynamically similar mode] of a[ lcas[ those. subasscmb]ics [hat incorporaic
pyrotechnic dcvicm,  or such a dynamically similatmodcl  might bc available from aprcvious
spacecraft program, e.g., [24]. ‘1’hc a(ivantagcs  of a tcs[ using  a dynamically similar mode] arc
(a )  itlll:{y j>rovi(ic lllo(lcratcly  zlcc.lll:~tcl> rc(lictiollsof  llyrc)sll(~ck cnvironmcnls,  [icpcndingon
how close.]y Ihc mode] dynamically rcprcscnts lhc spacccraf(  of intcmt,  (b) the prediction is
achicjvcd  without jcopardi~,ing the structural integrity of the flight article, :ind (c) no
lcc[)ll(litiollit]g of flight hardware is required. “1’hc primary disadvantage is that the program mlls(
IJrovidc for the manufactLlrc  of a dynamically similar nlodc],  or tin appropriate mmlcl must bc
avail ab]c from a prcvicms program. “1’hc problcm  of an cxccssivc  atmospheric shock wave is the
same as that discussed in Section A.2.2.

A.3 1 X’I’RA1)O1  >A’1’IONS IROM  l)l-?l ;V1OIJS h41iAS(JJ~l iMl iN’I’S

A vast amoLIJ]I  of pyroshock  data has been acquired and analymd over the yc.ars  for many space-
craft programs, both in the laboratory ancl in flight, c.g,, [46,47]. I ivcn though  (I1c chits may have
bccm acquired for totally different spacecraft designs and different pyrotechnic dcviccs, a( least
crude cstimalcs for the pyroshock  environment to bc cxpcctcd  on a ncw spacecraft design can bc
dctcmlinc(i  by cxtrapo]ations from ]llc:is~llcl]lcl-lts  on a previous space.crafl of (iiffcrcnl (icsign,
common I y rcfcrrc[i  to as t hc rcfcrcncc spacecraft. Of course, tile closer the (icsign cic.tails  of the
ncw an[i rcfcmncc spacccraf[, tile more accuralc tile cxt]:i])ol;lti[)]]s. Aiso, tbC lllOSt  aCCUMtC
cxt  rape] at ions arc provi(lc(i  when t hc p yroshocks  on t hc ncw and rc.fcrcncc  spaccc.raf[  am c a u s e d
by the same lypc  of pyrotechnic  dcvicc.

1 lxt rapo]at ion proccciurcs  for pymshock environments general i y invo]vc  t wo primary scaling
operations, namely, (a) scaling for the total energy rclc.ascci  by the pyrotechnic (icvicc [ 1], and
(b) scaiing  for the ciistancc an(i strLlctural  confi~uration  bctwccn  the pyrotechnic L3ncrgy  source
an(i the response. location of intc.rest. Sometime.s scaling for the surface wcigbt  (icnsity  of the
s(I’LIct  LII”c  is  also cmp]oyc(i,  but such  cxtrapo]atiol~s  usua]]y  arc not cffcctivc bccausc the illtcnsc
comprcssivc,  waves gcncratc(i  by pyrosilocks arc not strongly in f]ucncc(i by surface wcigbt
(icnsity. IIasc(i upon procc(iurcs  in [46-48], tile following scaling rules for source cI}crgy an(i
(iist ancc from the source arc rccommcmic(i.

A.3. 1 Source 1 incrgy Scaling
1 .clling Ii, atl(i Ii ,, (icnotc tbc total c.ncrgy rclcasc(i  by tile pyrotccbnic  (icvicc on the rcfc.rcncc  an(i
ncw spaccclaf(, rcspcctivcly, tbc shock  IqmIIsc  spcclrum  at all frcclucncics is scalc{i from tile
rcfcrcncc to the NW vchic]c  by

[--

E,l
SRS,, (D, ) = Sl<sr(l),  ) -Ii

‘1
(A.])

w h e r e  S1{S1 mci SIN]) arc tbc. shock rc.sponsc spcc.tra for the mfcrcncc  an(i ncw spacccrafl,
rcspcctivc]  y, at tile same ciislancc 1)1 from Ibc pyrotechnic source. Caution  sbou](i bc cxcrcisui
in the utiiintion  of liq. (A. 1 ) sine.c, in many cases, an cxccss of source energy beyond that
required to cause strLlct  Llral separation will not ii]crcasc.  the shock transmission, hut instcaci  will
gcllcl”atc  an incrc.asc.(i  shock or b] ast wave. that wi I ] ix t I’ansmit  tc(i into tbc atmosphclc or vacuLIm
:Ki.j:lCCllt  tO thC Stl”ll  CILll”C. ‘Ibis cxccss  e n e r g y  m a y  not bc as cffcctivc  in g e n e r a t i n g  structLlrai

l’csp(msc..  ‘1’ilus,  whcll  Ii*, > Iil, tbc application of Ii(]. (A, 1 ) may cause an over-prediction of the
pyrosbock  ct)vironmcnt.  Similarly, an Ll[l(icl”-}>lc(iictiol~  may result when 11,, <11,.



A.3.2 Scmrcc 10 Response 1.ocation Ilistancc Scaling
A number of cmpirica]ly dcrivccl  scaling relationships to correct the magnitude of pyroshock
cnvimnmcnts for (iislancc  from a pyrotechnic smrcc. to a rc.sponse.  location of intcrcsl  have been
13rol~(~sccl c}vcrtllc  years[ 46-48]. Oncsct ofscalill~  ctlrvcs foltjJlic:llpy  rosllocks~3  loj>agatillg
through varioustypcsof  s(ructurc, asdcvclopcd  in [46], is summarized  ill liigurc  A.l. Notcthc
rcmltsill  l:igurc  A.1 al~~~ly  [otllcl~c:ik  valtlc(Jf  illc~]yrosl~ockrcs~~ol~sc.

Al~c)tllc.lsciilit~g  l“c]atiolls]lil>  (icvc]ol>c(i  in [48] for the shock response spcctrLlm  produced by
point smrcc.s on comp]cx strLlc(Lucs  is given by

{[
( 2,4 ~i 0105

sRs(D2)  =- SRS(l) ~ ) Cxp - 2x 10-s f,, ‘1[ 1 )2 - D, 1} (A.?.)

where 1)2 an(i 1) j arc the dist anccs  from the pyrotechnic source 10 the rcfcrcncc  and ncw
locations, rcspcctivcl y, on the spacccrafl, and S1{S(1  )] ) ancl SRS(IJ2) arc ~hc shock response
spectra for the responses at the rcfcrencc and ncw locations, rcspcctivc]  y. Since licl.  (A .2)
prcdic[s  an SRS, the rcsu]ts arc a function of the SRS natural  frcquc.ncy. I’IOIS of} k]. (A.2) for
various values of Al> = IJ2 -1> I am shown in l~igurc A.2.
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1[ iS ilnjml(allt  tO llc)tC t h a t  }{(]. (A.2) W:IS  (iCI’i  VCd frolll IlyldlOCk  Ci21ta  ~MOdllCC(i b y  a @llt
Solll”CC 011  COII1])]CX  S t  ILIC(LIIC  at  SC21 ]C.VC] ,  :111(]  IIlay IIOt bC lCr)1”CSCllt2i[i  VC Of OtbCl” SOLIICCS  ~1)(]
strudurcs in space, as discussc(l in Sections A.2.. 1 ami A.2.2. OIber source scaling mlcs may bc
dc.vclopc.d  from data for SOUICCS and strLIcturcs more like tbosc associated with a spcciflc
spacccraf(,  wbicb may bc subs(i[Lltcd  for tbc rcsu]ts in 1 ;igLlrcs  A. 1 and A.2 [49].

As a final point  concerning tbc at[cnuation  of pymsbocks  with dislancc, tbcrc is usually a
subslan[ia]  rcc]uction  in pyrmbock  magnil  Lldcs (ILIc to transmission across strLlctural joints.
Specifically, [46] suggests [bat tbc attcnualim  duc to structLlral  joints ranges from 20 to 759i),

depending on the t ypc of joint and tbc manner in wbicb it cbangcs  tbc shock transmissim  pat]).
Othcr data for joint attenuation that might bc available from prior c.xpcrimcc  should be LISC(l, as
a p p r o p r i a t e .
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A.2. Gwrcction of Shock Rcspollsc  SpcctrLItn  for 1 listancc frmn Pymtcchnic Source.
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‘1’hc prc.dictiol~  procedures dclailc.d  in Appendix A generally yield the S11S at individual points
on the structure that do not ncccssari]y  correspond to all the. points of interest in the formulation
of pymshock  test crilcria. l;urthcmorc,  (I]c prc(iictions may be. basccl  upon cstimalcd  or
measured pymshocks  that do not rc.flccl the po(mtial variations in the pymshock environments
produced by different pyrotechnic dcviccs  of the. same lypc. 1 lcncc,  it is ncccssary  to ccmvcr(  the
prcdictcd  pyroslmck  magnitLldcs  into a sing]c SRS, rcfcrrcd 10 as the “maximum cxpcctcd  flight
environment”, that will account for point-to-point (spatial) and event-to-event variations. ‘1’hc
computation of the maximum cxpcctcd  flight environment invo]vcs  two steps, (a) the division of
tbc prcdictims  for a specific pyrotechnic event into groups  with similar SRS values, rcfcrrc(i to
as “mnc.  s”, an(i (b) the. selcc(ion of a conservative upper bound  m the SRLS values in each Y,onc,
rcfcrrcd to as a “mnc limit”, which constitutes the maximum cxpcctc.d  flight environment for that
zone.  duc to that specific pymtccbnic event.

13.1 l)l;l’1il<MINA’1  ’loN Oli 7/ONIiS

“1’hc SRS magniluclcs  for the strLlctural response.s duc to a sitlglc pyrotechnic event Iypical]y vary
widely from onc location to another, parlic Lllarly as the number ofioints  aml/or the ciistancc frmn
the. p yrotc.chn  ic. source incrc.ascs. ‘1’hc. goal in Y,oning  is to divide the spacecraft structLlrc  into
rcgims  or Yoncs such thal the responses at all points wi(hin each Ymc  (ILIc to a sillglc pyrotechnic
event arc rcasonab]y  homogeneous, meaning the SRS magnitudes for the rcspmscs  at all points
within  cac.h  zmc can bc dcsc.ribc.d by a single SRS that will cxcccd  most or all of the SRS
magnitudes at lhc individual points  without scvcrc]y  cxcccding  the SRS magnit  Lldc at any onc
point. It is also required that Ihc sclcctc(i mncs  corrc.spend to structural regions of interest in the
formulation of test criteria, e.g., a single z,cmc should  include all tlm attachmc,nt  points for a
single coInpoIlcnt,  aIId prcfc.rab]y for sc.vcral compo]]cnts,  that nlust bc tcxtcd for the pyroshoc%
cnvirmmcnt.

‘1’hc zoning opcra(ion  is usually accomp]ishcd  basc(i upon cnginccring judgment, cxpcricncc,
an(i/or a cursory evaluation of prcdictccl  .S1/S  m:igni(udcs. ] ’01’ CXalN]>]C,  Cll~illCCl”ill~  ~LK]~lllCl}t
(iictatcs  tha[ frame structLlrcs  and skin panels should rcprcscnt  different nmcs, since. the response

of skin panels  will generally bc higher than the ]nLIch heavier frames. Also, cxpcricncc sLlggcsts
that the. structural rc.gicms  in the near-field ancl I_ar-fic]d of the pyrotechnic soLlrcc  have widc]y
different SRSs and should rcprcscnt  diffcrcnl nmcs. Bcycmd  sue+ cnginccring ccmsidcrations,  a
visual inspection of lhc S1/S magnit  Lldcs for the prcdictcd pyroshocks can bc. used to group
locations with S1?Ss of similar magnitudes to arrive al appropriate. zincs.

1[ is assumed that the availab]c S1{Ss for a ~,ivcn  mnc arc prcdic[cd al locations that arc
rcprcscntaiivc of all poinls  of inlcrcst  in that Ymc.. ]dcally,  this woLlld  bc achicvcd  by a random
selection from all possible. response points within the znnc. in practice,,  a random selection
usual 1 y is not feasible since the predictions arc commonly made bcfmc. the mncs  arc se.lcclcd;  il]
fact, the spc.ctra for the prc(iictc(i  responses arc. often Llsc(i to cstab]ish  the zones,  as (iiscLlsscfi
above. 1]] some cases, however, the prcciiclims  may bc ma(ic.  at those points  where a component
of interest is mountc.~i.  “1’his  woLll(i constitLl(c  a gocxi sclcclion  of response poin[s,  even though
such mounting points  might not bc. lcl>lcsc.l~tativc  of all points  within the mnc.. ITI any case, it is
impmtant to assess the loc:itions rcprcscntcci  by the available prc(iictc(i pyrmhocks  to assLlrc that
they arc typical of all points  of interest in the zinc.



1;.2 (X) MPUI’ATION O1; ZONli 1,IMI’1’S

A conservative ]imi[  for the pmiictions  at various points wi(hia a y,onc may be clctcmincd using
any one of several proccciLlrcs  [23], but the procedure recommended here is to compote a normal
Iolc.rancc limit that covers  the SRS magni(Lldcs  for al least 95% of the locations in {he zone with
a ccmfidcncc.  coefficient of 500k~, referred 10 as the 1’95/50 limit [22]. Spccificall y, given n
mcasLlrcmcnts of a ranclom variable x, a]) Llppcr tolcrancc limit is defined as that value  of x
(denoted by 1 .X) that will cxcccd at lcas[ ~ fraction of all values of x wilh a confidence coefficient
of y. “1’hc fraction ~ l“cprcscnts  the minimLlm probabili(  y that a rancioml  y sclcctccl  va]Llc of x wi [1
be less than 1,X; the confidence cocfficien[  y can be jntcrprc(cd  as the. probability that 1,X will
indc.cd  cxccc(i  at least [3 fraction of all vaiucs  of x. ‘1’olcrance  limits are commmiy  CXJMCSSCCI in
terms of the ratio, ( 10()~)/(1 (Kly), e.g., the 1’95/50 normai  toicrancc  limit rcprcscnts ~ = ().95 and
‘y= 0.50. in the context of pymshock prc(iictions,  x rcprcsen[s [he SRS valLlc  at a specific
frequency for tile rcsimnsc  of the. spacccraf{ strLlc[Llrc  at a ranciom]y  sclcc[c(i J30int wilhin a given
Yonc,  WhCIC x C]iffCIS flOJll poinl-to-point Within thC zone  (~LIc tO tbC Spalial  variability of thC
r e s p o n s e . IIowcvcr,  x may aiso differ dLIC to other factors, sLIch as variations from one
pyrosimek  to another prociLlccci  by tile same type of pylotc.chnie  dc.vice. in selecting a sample of
prc(iictc(i SRS magni[Llcics to compLltc  a tolerance iimit, beyond  lhc SRS val Llcs at (iiffcrcnt
locations within a mnc,  ii is wise to inclLl(ic  SRS magnitLl(ics  from different spacecraft of the
same (icsigtl, if fcasibic, so that soLIrccs  of variability (iuc to iocation  atl(i firing-to-firing arc
rcprcsc.nte(i  in Ihc. measured or prc(iicted  SRS vaiucs.

‘1’o]crancc ]imi(s arc. mos[ easily compLltc.d  when the t’an(iom  variab]c  is “normally  distributed”.
‘1’hc.  point-to-point (spatial) variation of the 13yrotccllllic-ill(iLlcc(i  responses of spacecraft
structures is gcllcraliy  not Ilm’ma]ly CiistribLltcCi,  but thcl”e is empirical evidence tha( the ]ogarithm
of the responses from pyroshoek  as WCII as ramiom vibration (ioc.s have an approximately normai
(iistritmfion [23]. 1 ]cncc, by simply making the logarithmic tl~ltlsfolll~:ttioll

y=iogl~x (B.])

where x is [Ilc. SRS magnilLl(ic  at a specific na(Lirai  frcqLlcncy  of the response Witilin  a zone, the
transformed variable y can bc assume.d to have a normal (ii st rib~lt ion. lb]’ 11 sample Valllcs  of y, a
normal tolerance iimit is give.n by

I,y ~ y -t ksy (13.2)

where “y is  the s a m p l e  a v e r a g e .  aIIci  SY is  the sample standard (icviation  of the n t r a n s f o r m e d
S]ECtt’al ValLICS COllll>LltC(i  aS fO]]OWS:

_i’=-~),i  Yi ;Syz J -1,+-”1 ,i (yi - :“ )2,:j ,=]

(11.3)

‘1’ilc  term k in liq. (1~.2) is calicd the normal  tolerance factor,  and is a tabu]atccl  value;  a.
tabLllation  of k for ~ = 0.95 and y = ().50 is prcscnte(i in ‘1’able B. 1, which is taken (iircctiy  from
[22]. ‘1’hc normal tolerance limit for the transformc(i vatiablc  y is convcr[ecl back to the original
engine.c.ring units of x by

(1].4)



‘1’0 simplify Icst criteria, normal lo]crancc  limits arc often snmothcd  using  two s[raighl  ]incs
scgmcnls,  as founcl ill [7,8].

‘1’able 11.1.  ‘J’olcumcc  liactors for P95/50  Normal “J’olcrancc  1.imit

11 3 4 5 6 8 10 15 20 30 50 ~

k 134 1.83 1.78 1.75 1.72 1 .7(I 1.68 1.67 1.66 1.65 1.64

IIccausc, of the large number of rcvicwcrs  of this pmposcd Standard, it is impractical to list theln
all, ‘1’hc.ir pmlicipaticm  is grcatl y appreciated. ‘1’hc work dcscribcd  in this paper was canicd  ou[ at
the .lct l’mpulsion 1,aboratory,  [California lnsti(utc. of ‘1’cchnology,  under a contract with the
National Aeronautics and Space A(ll~~il~istlatiol~.


